receiving antibiotics (OR = 8.70) and glucocorticoids (OR = 7.71) 1 month prior to hospitalization, respiratory failure (OR = 3.28) and receiving antimicrobials during hospitalization (OR = 1.15) were the risk factors associated with CDI. Multivariate conditional logistic regression analysis demonstrated the similar results. Conclusion CDI was common among patients discharged from hospital for HAP at a university hospital. Prevention of the spreading of C. difficile among hospitalized patients is urgently needed.
Introduction
Clostridium difficile infection (CDI) is a leading cause of hospital-acquired infection (HAI) worldwide [1] . Clostridium difficile is one of the pathogens monitored for HAI studies in the United States [2] . Clostridium difficile has surpassed multi-drug resistant organisms (MDROs) such as methicillin-resistant staphylococcus aureus (MRSA) as the most common pathogen causing HAI. CDI causes more than 450,000 cases and 29,000 deaths in the United States each year [2] [3] [4] . Approximately 172,000 CDI cases occur each year across the 27 countries of the European Union (EU) [5] .
Hospital-acquired pneumonia (HAP) is the most prevalent HAI in China [6] . HAP is a major cause of infectionassociated morbidity and mortality in many countries including China. HAP leads to increased antibiotic treatment in hospitals [7] . MDROs were frequently isolated from patients with HAP in China [8, 9] . Broad-spectrum antibiotics are often empirically prescribed to treat HAP.
Broad-spectrum antibiotics, chemotherapeutics and proton pump inhibitors (PPI) induce dysbiosis of intestinal flora, which leads to CDI [10] . Treatment with antibiotics such as third-generation cephalosporins, broad-spectrum penicillins and fluoroquinolones is risk factor for CDI [11] . The treatment with moxifloxacin and gatifloxacin was linked to the outbreaks of CDI caused by hypervirulent strains [12] .
The increase of the prescription of broad-spectrum antibiotic is linked to the increased number of hospitalizations of patients with HAP. The incidence of antimicrobial-associated complications [e.g., antimicrobial-associated diarrhea (AAD)] is also rising [13] . CDI may lead to severe outcome among hospitalized patients, especially HAP patients in China. However, few reports have described the epidemiology of HAP complicated by CDI. The prevalence of hospital-onset CDI and the incidence rate among HAP patients in China are currently unavailable. Epidemiologic study of CDI among HAP patients is needed for infection prevention. This study aimed to assess risk factors, mortality and incidence rate resulting from CDI among hospitalized patients treated for HAP.
Materials and methods

Study design, population, inclusion and exclusion criteria
We conducted a prospective study on patients with HAP presenting subsequent hospital-onset diarrhea (HOD) from January 2014 to December 2014 in four ICUs. All study subjects were adult patients admitted to Xiangya Hospital, a 3500-bed tertiary university hospital with approximately 100,000 admissions annually in China. Patients included were patients diagnosed with HAP which is defined as parenchymal lung infection that occurs ≥48 h after admission. Patients who were incubated at the time of admission were excluded. HAP which was defined in 2010 [14] includes ventilatorassociated pneumonia (VAP). The definition of HOD is diarrhea occurring ≥48 h after hospital admission [15] . Patients suffering from ≥3 HOD episodes within 24 h were suspected for CDI and were enrolled in the study [16] . CDI was diagnosed by the presence of toxigenic C. difficile in the stool. Patients were divided into HAP-CDI group (presence of toxigenic C. difficile in the stool) and HAP-non-CDI group (absence of C. difficile in the stool). Data were extracted from the patient's medical records using a structured report form. Variables analysis included demographic variables, underlying conditions, pathogen of HAP (only bacteria), choice and duration of anti-HAP therapy and clinical outcomes. We abstracted record information from the patient's hospital number and assigned each patient with a unique study ID regardless of CDI test results in an Epi Data database.
Clostridium difficile test and CDI case definition
Stool samples were collected from suspected CDI patients and tested for C. difficile. First, samples were transferred onto CDMN agar (OXOID) in anaerobic airtight containers (OXOID). Identification of isolates was based on odor and the appearance of colonies. The final confirmation of C. difficile was made by commercially available latex agglutination test [glutamate dehydrogenase (GDH)] (OXOID) and PRO DISK (Remel). The toxin genes tcdA, tcdB, cdtA and cdtB were detected by PCR according to prior recommendations [17] [18] [19] . Patients whose stool samples tested positive for toxin-producing C. difficile by culture and PCR were diagnosed with CDI. We excluded patients with diarrhea onset occurring less than 48 h following hospital admission.
Multilocus sequence typing (MLST)
MLST was performed and analyzed for the toxigenic and non-toxigenic C. difficile strains according to the previous publications. Briefly, MLST with seven housekeeping genes adk, atpA, dxr, glyA, recA, sodA and tpi were performed on all isolates as described previously by Griffiths et al. [20] .
Data analysis
Epidemiologic, clinical and laboratory data were linked by study ID, verified and analyzed using SPSS 20.0 (IBM). The incidence rate of CDI was calculated as CDI cases/10,000 patient days [15] . Descriptive statistics and univariate analyses were performed. Continuous variables were expressed by mean ± SD and were compared using t test; categorical variables were expressed as proportions and were compared using the χ 2 test and Fisher's exact test when necessary to assess differences between patient populations. Multivariate logistic regression analysis was used to assess parameters associated with acquisition of C. difficile. Two-tailed P value of less than 0.05 was considered significant. We performed conditional logistic regression, eliminating variables through a step-wise approach if the P value for an independent variable was >0.1 Odds ratios and 95% confidence intervals were calculated.
Results
Three hundred and sixty-nine patients were enrolled in the study. Three hundred and seventy-two patients met the definition of HAP with suspect CDI. Twenty-nine patients were diagnosed with CDI (HAP-CDI group). Two patients were positive for C. difficile, but negative for toxin. Three hundred and forty patients were identified as HOD without C. difficile (HAP-non-CDI group) (Fig. 1) . The mean age of all enrolled patients was 58.07 years, and 72.63% (268/369) were male. The average length of hospital stay was 20.70 days (range 4-77 days). The incidence rate of HAP with CDI was 11.67/10,000 patient days (95% CI, 7.97-16.55). Nineteen patients died from complications. And the attributable mortality rate of the enrolled group was 5.15% (19/369). The mortality rate of the HAP-CDI group was 13.79% (4/29), which was higher than HAP-non-CDI group (4.41%, 15/340) (P value <0.05). However, we could not conclude that CDI solely contributed to increased mortality.
Risk factors for HAP-CDI
Univariate analyses were conducted to compare the differences of the HAP-CDI group and HAP-non-CDI group on demographic, clinical and baseline characteristics of patients (Table 1) 
Antimicrobials use in HAP
88.35% HAP and 100% the HAP-CDI patients received one or more antimicrobial therapy ( Table 2 ). The top three antimicrobials taken by HAP patients during hospitalization were extended-spectrum cephalosporins + inhibitors (40.11%), carbapenem (39.30%) and antipseudomonal penicillins + inhibitors (34.42%) (all the antimicrobial categories and agents of this study are shown in supplemental Table 1 ). The top three bacteria causing HAP were Acinetobacter baumannii (37.67%), Klebsiella pneumoniae (14.36%), Pseudomonas aeruginosa (10.30%) (the proportion of bacteria causing HAP among two groups are shown in Supplemental Fig. 1 ). The univariate analysis results showed that patients who received extendedspectrum cephalosporins and oxacephems were at higher risk for developing CDI (P value <0.05). Receiving intravenous vancomycin did not show protective effect against developing CDI (P value >0.05). Compared to the HAP-non-CDI group, the HAP-CDI group received longer period and higher dosage of extended-spectrum cephalosporin treatment (P value <0.05) and more doses per day per patient for extended-spectrum cephalosporins and oxacephems (P value <0.05). The dose of vancomycin use did not present significant difference between the two groups (P value >0.05) (Fig. 2) . 
Molecular characteristics of C. difficile
Thirty-two isolates of C. difficile were isolated from 556 stool samples, among which 29 were toxigenic. Among toxigenic C. difficile isolates, 21 (72.41%) were toxin A+B+ strains, 8 were toxin A−B+ strains. Nine different STs were observed by analyzing all isolates including toxigenic and non-toxigenic C. difficile strains by MLST. ST54 (n = 8, 20%) was the most common MLST type, followed by ST37 (n = 5), ST3 (n = 3) (Supplemental Fig. 2 ). Neither ST-1/RT027 nor ST-11/RT 078 was detected during the study period. The binary toxin genes cdtA and cdtB were not found in any toxigenic or nontoxigenic strains. 
Discussion
HAP is one of the leading HAIs worldwide and is associated with an elevated morbidity, mortality and increased hospital costs. HAP patients are also at risk for acquiring MDROs given that antimicrobial therapy especially combination therapy with two or more antimicrobials may be prescribed to treat pathogens potentially resistant to single antibiotic. However, antimicrobials are also associated with increased incidence of CDI with prolonged therapy [21] . Few studies have been conducted on the epidemiology of CDI in HAP population. Our study demonstrated that the incidence rate of HAP-CDI was 11.67 per 10,000 patients. Limited reports showed that CDI prevalence in HAP patients was 10.8 CDI cases per 1000 pneumonia discharges. CDI in HAP patients was associated with a significant increase in mortality, length of hospital stay, and treatment cost [22] . Our study also revealed longer hospital stay among HAP-CDI group compared to HAP-non-CDI group. The finding of increased hospital stay in the HAP-CDI group is consistent with a study by Gabriel et al [23] . In our study, ICU patients with HAP and subsequent CDI had a greater probability of deaths compared to HAP patients who did not develop CDI. The contribution to morbidity rate by CDI was not estimated in this study due to the lack of clinical data. However, previous studies reported that CDI had a significant negative impact on patient survival [24] .
CDI-associated hospitalizations are longer, more costly, and have morbidity rate compared with hospitalized patients without CDI in middle-aged and senior population [25] . Previous studies demonstrated that risk factors for CDI included old age, prior healthcare exposures, underlying conditions including chronic disease and antimicrobial exposures [26] . This study confirmed that age over 65 years, respiratory failure, antimicrobial and glucocorticoid exposures as well as TPN were risk factors for CDI. In particular, the most significant risk factor for CDI was exposure to antimicrobials before hospitalization, with a high odds ratio over 7 between HAP-CDI and HAP-non-CDI groups.
Broad-spectrum antibiotic use caused decreases in indigenous bacterial diversity and plays an important role in the pathogenesis of CDI. Nearly all classes of antimicrobials have been associated with CDI. Clindamycin, third-generation cephalosporins, fluoroquinolones usage were considered to pose the highest risk for CDI [1] . Brown and colleagues reported that the risk for CDI was more than tripled after any antimicrobial exposure [27] . Antimicrobials that cause minimal disruption of the anaerobic microflora (e.g., aztreonam) did not promote CDI in mice or hamsters [28] . The risk caused by antimicrobial exposure is dose-dependent and increases with prolonged antimicrobial use and with combination therapy [29] . Our study only revealed that broad-spectrum cephalosporins and oxacephems were associated with increased risk of CDI among HAP patients. Different from previous studies, carbapenem, broad-spectrum cephalosporins + inhibitors and fluoroquinolones did not present increased risk for CDI [26] . Prolonged treatment and higher dosage of cephalosporins and oxacephems increased the risk of developing CDI. Antimicrobials that are active against C. difficile decrease the risk of colonization and infection during their use (e.g., oral vancomycin) [30] . However, intravenous vancomycin is ineffective against C. difficile [31] . In our study, intravenous vancomycin use did not protect patients from developing CDI.
Most of the toxigenic C. difficile isolates identified in this study were toxin A+B+. ST54 was the most common epidemic strain in China [32] . Neither hypervirulent C. difficile ST-1/RT027 nor ST-11/RT 078 was detected during the study period. Binary toxin genes cdtA and cdtB were not detected in any toxigenic and non-toxigenic strains isolated in this study.
This study presents several limitations. First, this study was conducted in a single medical center. The sample size of the HAP-CDI group was small. Study on larger sample size may produce more comprehensive results. Moreover, the financial burden associated with CDI was not calculated. Third, patient-to-patient transmission of CDI was not assessed. No information was collected to indicate whether or not a C. difficile outbreak was present at the time of the study.
Multi-faceted programs of CDI prevention and control were effective and cost-saving. Recently, a review on guidelines, strategies, and recommendations on infection prevention and control of C. difficile was published [33] . CDI infection prevention and control are critical to cost saving, quality improvement in healthcare and patient safety. Awareness of CDI prevention and control has increased in countries with high incidence rate of CDI such as the United States, Canada, Europe and the Western Pacific [33] . However, the epidemiology of C. difficile has not been extensively examined in China and awareness of CDI is lacking. Information of epidemiology of CDI in China is critical for the disease prevention and control.
Conclusions
In conclusion, this study described the molecular epidemiology of HAP-CDI. Risk factors for the development of CDI among HAP patients were identified. The usage of antimicrobials played an important role in the pathogenesis of CDI. Antimicrobials should be prescribed with caution for HAP patients in hospitals. Findings of this study will help establish Antimicrobial Stewardship Program (ASP) and develop HAI surveillance, prevention and control programs and guidelines on CDI in China.
